genetically modified seed, a recent harbinger of change in the agricultural biotechnology market. Transgenic seed was first introduced in the 1990s. Developers of transgenic seed licensed the technology to other seed companies," but like the Short Line in our hypothetical example above, placed extensive limits on the licensee's use of the seed." The licenses prevent competitors from using the patented traits for research purposes, from selling the seed absent restrictions,"' and from price competition for transgenic seed."' Patent holders have a limited right to restrict trade.1 Such restrictions "must be scrutinized to ascertain whether the restraints imposed are regulations reasonable under the circumstances, or whether their effect is to suppress or unduly restrict competition."' The Patent Act does not shield patentees from charges of restraining trade, restricting output, or limiting the ability of competitors to research alternatives. A patent has a value-a patent infringer must pay the patent holder a reasonable royalty for infringement of the patent holder's rights." The patent bargain is betrayed when a patent holder extends the rights granted under the Patent Act through the use of contracts, and does so to gain a reward greater than the value of the patent. Harmony requires application of antitrust laws when the patent holder is extending its rights through private ordering to unlawfully restrain trade. Competition and innovation benefit society when the Sherman Act and the Patent Act enjoy a symbiotic existence. To be pro-patent does not mean to be anti-antitrust."' The promotion of the progress of science and the useful arts dictates that competition be encouraged, and to that end, it is axiomatic that to be pro-patent is to be pro-antitrust.
II. THE PATENT BARGAIN 21
The antitrust and patent laws promote innovation and competition. The methods they use to do so are quite different, even though the goal of maximizing benefits to consumers and producers remains the same. Antitrust laws promote competition, working to ensure a free market economy, while patent laws reward innovation by allowing patent holders to limit competition. Competition and innovation thrive through the balancing of the application of antitrust and patent laws.
Competition as protected by the antitrust laws is one incentive for innovation. A better product may incentivize consumer preference. Better marketing of the same product may also incentivize consumer 23 preference. Another reward for innovation can be found through the patent system, created by Congress to promote the progress of science and the useful arts." Patent law represents a bargain between the public and the patent holder, whereby the patent holder receives a limited right 25' to restrain trade in return for disclosing the innovation to the public.
Innovation comes at a cost. When the benefit to society exceeds that cost, then innovation should be rewarded. Protection of innovation can be expensive and it is this environment that has led many to view 26 intellectual property rights as a solution to market failure. Intellectual property rights provide incentives for research and development. 27 The patent system has long been recognized as a legal instrument existing only "as an encouragement to men to pursue ideas which may produce " For instance, the Beanie Baby craze was strongly driven by Ty's marketing campaign of retiring Beanie Babies before interest in each one had waned. New products were introduced, but the marketing campaign incentivized the consumer interest in the overall line. Alyson Shontell, Ty Warner: How to Create Mass Hysteria and Pocket $2.4 Billion Dollars, Bus. INSIDER (June 1, 2011), http://www.businessinsider.com/how-tocreate-aravenous-fad-and-pocket-6-billion-dollars-2011-5. 4 U.S. CONST. art. I, § 8, cl. 8. 2 Patent law represents "a balance between the need to encourage innovation and the avoidance of monopolies which stifle competition without any concomitant advance in the 'Progress of Science and useful Arts.'" Bonito Boats, Inc. v. Thunder Craft Boats, Inc., 489 U.S. 141, 146 (1989) . 2 Miller, supra note 22, at 398. utility."" 2 The patent laws do not reward a "natural right" but rather exist "for the benefit of society."
It is not easy to obtain a patent, nor are the rights associated with a patent unlimited. The limited restrictions on competition granted to a patent holder are balanced out by these fundamental truths. If those limited rights are violated, then the transgressor must pay the patent holder a reasonable royalty."' The costs of protection have an assigned value-and it is only when the benefits to society exceed those costs that a patent should be enforced.
Not all innovations are patentable, and a patent is not the only reward for innovation. In developing technologies, innovation itself may drive the question of when the benefit to society is worth the restrictions on competition granted by a patent. When technology is not patentable, innovators may turn to contracts to protect their advances. In addition, when the reward of patent is not enough to incentivize innovation, then innovators may shun patents and turn to trade secrets to protect their advances.)' Such protections are subject to the antitrust laws, which ask the same fundamental questions as the patent system-what are the benefits to society and are they worth the cost of the protection?
Rewards promote innovation-whether those rewards are granted by the government or devised by the innovator. Competition promotes innovation, as does intellectual property protection. When neither provides sufficient incentive, innovation may find reward and protection through private ordering. The software industry provides one example of the innovation incentive provided by private ordering. When computer software was first developed, it was not necessarily patentable. As a result, innovators had to look outside the patent system for protection of a technology particularly difficult to reap rewards from, since software was expensive to develop and cheap to replicate. The software industry turned to contracts and relied on licenses to protect a set of rights that developed along with the technology.'" As patent protection became available for software, developers sought patent protection but continued ' to rely on contracts. Licenses were needed to promote innovation, and were accepted by the users as part of the new technology.
3 5 Public and private legislation co-existed in the new industry where users had no preconceptions about their rights. The rewards were reasonable-as the benefit to society exceeded the costs of the protection.
Cultivating an understanding of the software industry is not normally associated with farming, yet major agriculture innovators have done just that in exploiting seed. Innovation in agribusiness is expensive. 6 To introduce an innovation into the seed market, a seed firm must first develop parent seed lines" that are the core of the company." Seed firms have a number of seed lines that are heavily protected, ' again, through contracts, trade secrets, and other forms of protection, and which heighten entry costs for new innovators.4' Development of a new seed line can take years of research and extensive resources. 4 ' The purpose of a seed is to propagate. Once purchased and planted, seed creates new seed that can be saved and reused. Like the original software innovators, ' JORGE FERNANDEZ-CORNEJO, EcoN. RESEARCH SERV., U.S. DEP'T. OFAGRIc., AGRIc.
INFO. BULL.
No. 786, THE SEED INDUSTRY IN U.S. AGRIcULTURE 28 (2004) ("Plant breeding constitutes the foundation of the modern seed industry in that it creates a unique and marketable product through the application of science. Plant breeders develop seeds embodying such improvements as high yields, resistance to disease and pests, or traits specific to regional agroclimatic conditions. A seed's success in the market depends primarily on its improved traits, which embody the R&D effort."). 
. ").
12 Traditionally, "the funds required to purchase seed are typically needed at the same time that farmers are likely to have a negative cash flow. And while the price of seed is a small percentage of the overall cost of production when compared with the cost of equipment, fuel, fertilisers, lime, herbicides and insecticides, certified seed is consistently more expensive than farmer-saved seed. As such, farmers who saved seed could generally reduce principal and interest that would otherwise be paid on farm loans. At the same time farmers can retain a certain degree of independence from agricultural biotechnology companies were unable to rely on traditional public ordering to protect their investment. Farmers were accustomed to saving the seed that Produced the highest yield in a given year and to replanting that seed.' Agricultural biotechnology companies were forced to look elsewhere to exploit seed and incentivize innovation.
In 1970, Congress enacted the Plant Variety Protection Act (PVPA) providing limited protection for plants through the issuance of Certificates of Protection (PVP certificates). In 1985, the United States Patent and Trademark Office held "that plants were within the understood meaning of 'manufacture' or 'composition of matter' and therefore were within the subject matter of § 101."1 It was not until 2001 that the Supreme Court affirmed that seed was patentable subject matter." Given these various regimes of protection and the gaps endemic therein, agricultural biotechnology turned to private ordering to regulate seed. Public law proved inefficient in its protection of agricultural intellectual property. Private ordering gave seed companies a way to seed companies, which may or may not have seeds that specifically match the farmers' biogeoclimatic requirements. This is as true for seed planted at the beginning of the growing season as for particular replanting demands following torrential rain, freezing conditions and frost, or other environmental destruction of seed and plants already in the ground. Having a 'reserve army' of seeds provides farmers with the option to replant immediately after these adverse weather conditions. Seed saving, then, provides a valuable, convenient and affordable insurance against most disruptions of the input supply chain. This is of particular relevance in the US today where less than 2 per cent of the population are engaged in farming and only a fraction of them save seed." Michael Mascarenhas & Lawrence Busch, Seeds of Change:
Intellectual Property Rights, Genetically Modified Soybeans and Seed Saving in the United
States, 46 SoCIoLoGIAR uRALis 122, 124 (2006) (footnote omitted).
4
This time-honored practice was recognized in the PVPA, which states that it (oes not: "infringe any right hereunder for a person to save seed produrced by the person from seed obtained, or descended from seed obtained, by authority of the owner of the variety for seeding ptrrposes and use such saved seed in the production of a crop for use on the farm of the person, or for sale as provided in this section. A bona fide sale for other than reproductive purposes, made in channels usual for such other purposes, of seed produced on a farm either from seed obtained by authority of the owner for seeding purposes or from seed produced by descent on such farm from seed obtained by atrthority of the owner for seeding purposes shall not constitute an infringement." In relying on private ordering to circumvent public laws, seed companies were following a trend that first become prevalent with the expansion of the software industry in the 1970s.f As with seed, software was expensive to originate and inexpensive to replicate, rendering inefficient any protection then available through the public laws. Unlike seed, however, software was something new, and software consumers had no preconceived rights that they brought with them to the purchase of software. As a result, software developers were readily able to create a new model for the purchase of software-software was not sold, but instead licensed, and private ordering was used to circumvent public laws." As can be seen from such companies as Microsoft, this was done very successfully.
Agricultural biotechnology companies were in a unique and enviable position. They possessed valuable seeds, and a consumer base predisposed to purchase seeds. The consumer base, however, brought a preconceived set of rights and assumptions with them to the purchase of seed, posing marketing problems for the seed companies. These problems came to a head in 1998, when the protection developed by agricultural biotechnology companies was seen to exceed any benefit to the public from the innovation. In 1998, researchers patented a new genetic modification that rendered seed sterile after one planting." Nicknamed the "terminator gene," 50 public reaction was vehement and immediate. Offended by the very concept that agricultural biotechnology companies could change the fundamental nature of the seed, the media fanned the public's fears with horror stories about what the implementation of such a modification would mean.
5 ' The terminator gene had the potential to shift the balance between corporate agriculture and the family farmer, and allow seed companies to control the price of seed and the market. Public reaction was so strong -and the practical implications of introducing the terminator gene into seed so difficultthat the terminator gene was never introduced.
The terminator gene reflects the balance that must be struck between the benefits to society of innovation and the harm society faces with any protection of that innovation. When the benefits exceed the harm, then the market dictates that innovation occur. The terminator gene illustrates how consumer preference can influence innovation and, perhaps, impede progress. Marketing, the press, and personal opinion shape consumer preference. When the cost, shaped as it may be by these factors, exceeds the benefit to society, then the balance must be reevaluated.
The terminator gene was a failure." Society recognized that the costs of protection exceeded the benefit of the innovation.., Yet, the concept, honed in the software industry, that control of the product did not have to be relinquished to the consumer, was a success. Industry leaders turned to contracts to protect their investment in innovation. ("Monsanto [initially] dismissed criticism by environmental, church and consumer groups hoping to ride out the storm. . . . In the six months of 1999 the company earned $476m, tip 5% on 1998, and its income had grown by 28%. It had no intention of backing (town on terminator technology. ... Global disillusion and protests proved otherwise. U.S. corn exports dropped 96% in a year. One giant processor announced it would pay a premium for traditional soybeans. Deutsche, the largest European bank, recommended selling Monsanto's stock. By September 1999 the stock lost 35% of its value, while the market as a whole rose 30%. ... Finally, Shapiro understood and halted research into terminator technology. [An interview with him after the halt] showed 'a pale, drawn man' saying, 'We forgot to listen."' (footnotes omitted)).
' See Knox, supra note 51. ("Bowing to mounting pressure, Monsanto Co. last week pledged to call a halt to development of the so-called terminator gene.") In addition to the public opinion implications, it turned out to be very difficult to propagate plants that would thrive and not self-propagate. As a result, the terminator gene was never released publicly in the United States. in the knowledge that patents give a patent holder a limited right to restrain trade, agricultural biotechnology companies have greatly expanded that misperception of antitrust immunity, creating a widespread model of agribusiness protected through a combination of public and private ordering. As strong a set of protections as accompanies the grant of a patent, those protections are eclipsed by the private ordering system used by agribusiness to structure all use of seed.
The traditional model of selling agricultural biotechnology products relied on public ordering for protection. Historically, once a patented product was sold, the doctrine of patent exhaustion prevented the patent owner from placing any post-sale limitations on its use, because the costs of protection must not exceed the benefit to society. In 1926, the Supreme Court established this doctrine, holding that "where a patentee makes the patented article and sells it, he can exercise no future control over what the purchaser may wish to do with the article after his purchase. It has passed beyond the scope of the patentee's rights."
5 The Federal Circuit has since held that the sale of a patented article can be conditioned, again reflecting the concept that the benefit to society may exceed the costs of protection in some circumstances.
Innovators found a way to increase their reward, and increase the costs of protection to society, while still meeting the letter of the law. The doctrine of patent exhaustion applies only to the sale of patented products and not licenses.
9 Through licenses, agricultural biotechnology companies circumvent the issue of what restrictions are within the field of use of the seed and place numerous restrictions on the party acquiring seed." The patent holder is using the patent system to reap rewards greater than the benefit to society associated with the innovations.
The implementation of a system based on the extension of patents through private ordering has changed the agricultural economy and community. This system is not subject to the traditional checks and balances inherent in the patent and antitrust laws because of the misperception of antitrust immunity for patents. Agricultural biotechnology licenses do not seek to provide protection otherwise lacking, but to restrain trade and inhibit progress. Such private ordering would violate the antitrust laws if used to limit access to railroads, or unpatented articles. To allow it to go unchecked because the articles subject to private ordering are patented violates the fundamental patent LG Elecs., Inc., 128 S. Ct. 2109, 2115-17 (2008). * Gen. Elec. Co., 272 U.S. at 489 ("Conveying less than title to the patent, or part of it, the patentee may grant a license to make, use and vend articles under the specifications of his patent for any royalty or upon any condition the performance of which is reasonably within the reward which the patentee by the grant of the patent is entitled to secure.").
bargain, which promotes innovation by incentivizing research and development.'" When licenses are impairing innovation, the market is broken. The progress of science is to be rewarded, and the promotion of innovation encouraged. However, when the costs of protection exceed the benefit to society, then the patent bargain is betrayed. The patent misperception of antitrust immunity is allowing agricultural biotechnology to create a system of private law to expand on their patents and to illegally restrain trade. It is anti-antitrust to allow the abuse to continue.
III. WHO CONTROLS THE MARKET?
The agricultural industry no longer fluctuates and changes to reflect society's dietary and consumptive needs. Instead, the industry has become increasin ly concentrated, resulting in the growth of nonindigenous crops protected as the intellectual property they have become." 4 The impact of this stability, concentration, and extensive protection is an agriculture economy that is "so fragile that only a minute number of farmers and seed breeders have the knowledge and ability to select, maintain and improve seed."'
The role of private ordering in creating this fragile ecosystem cannot be over-emphasized." Private ordering allowed the industry to promote he farmer-breeders were eminently effective. By 1860, a host of crops was firmly established and formed the base for a variety of regional agricultural economies: a commercial feedgrain/livestock economy north of the Ohio River, with a wheat belt farther north, specialized dairy and vegetable production in the Northeast, tobacco, rice, cotton, and sugar cane in the South.") (citation omitted)).
* [intellectual property] protection less, especially when they possess non-IP forms of market power (preferred access to distributors, for example) that enable them to prevent free-riding and capture the benefits of their innovations.").
innovation in a "self-replicating invention" despite the "lack of fit between plant innovation and traditional intellectual property regimes." 8 Reward and protection were achieved through private ordering and the circumvention of public ordering." Contracts have created a market where the definition of consumption itself has been changed, and where competition has been altered. When consolidation, patent law, and private ordering combine to create a market anticompetitive in nature and illegally restrain trade, this Article argues that society is harmed. To understand the impact of agricultural biotechnology licenses on society, a sample market is defined, the sample market composition is analyzed, and the distribution of market power is examined below.
A. Market Definition
To delineate a market requires the identification of the smallest possible market in which a supplier can raise its prices and maintain market share.o The market definition must be narrowly defined while including all acceptable substitutes within that market. Numerous markets can be identified in the agricultural biotechnology industry, but the smallest relevant market is a single crop. This Article will focus on the soybean market.
In 2010, farmers planted 78.9 million acres of soybean, "setting a new record high" for the largest planting of soybean in United States recorded history." The market consists of a variety of suppliers of genetically modified and non-genetically modified soybean seeds. The soybean market is not so narrow as to create a distorted view of market share-there are over 2000 varieties of soybean seed available to the American farmer." At the same time, the market is small enough to allow for "identification of market participants and the measurement of market shares and market concentration."
B. Market Composition
The largest market participant in the soybean market is Monsanto. Monsanto's main competitors include Bayer Crop Science, Dow AgroSciences, DuPont Pioneer, and Syngenta, each controlling less than 10 percent of the market. Each of these agricultural biotechnology companies is the result of decades of consolidation creating an oligarchy driven by the high costs of research and development and 79 protected by high barriers to entry.
In the abstract, the soybean seed market comprises seeds from a variety of sources. Seeds can be modified through agricultural biotechnology to be resistant to herbicides, insects or both. In 2008, 92% of all soybean seed planted in the United States was genetically modified through agricultural biotechnology to be herbicide resistant. Bayer) and each have shares of less than 10 percent for the bulk of the time period."). 2005. ' Seed can be conventionally bred to be herbicide resistant, can be heirloom seed, or can be non-certified organic, which would not count in the 0.2% organic seed share. The reality is that concentration has allowed for manipulation of the market for all seed, including nongenetically modified seed," which tends to be produced by smaller operations in increasingly thin markets.
Most farmers do not have access to thousands of varieties of soybean seed. Farmers have access to their local seed distributor and that distributor's selections. The varieties of soybean include organic seed, transgenic seed, and other forms of soybean seed. Many distributors are contractually obligated to carry only certain brands of seed, or are incentivized to sell a certain amount of different soybean seed varieties. This is akin to car dealerships and controlled through contracts between the distributors and agricultural biotechnology corporations. " Again, akin to car dealerships, consumer preference plays a large role in the distribution of seed. If the farmers demand Monsanto seed, then the Lately he can't even sell organic cotton because the stuff coming out of India, Syria and Uganda is so cheap. 'I feel the organic industry has painted itself in a corner saying that all genetically modified organisms are bad. Eventually they're going to have to allow it,' Cameron says.").
" Even in defending the market structure, economists acknowledge that the independent seed companies are at a significant disadvantage in the industry. See, e.g., Wilson & Dahl, supra note 11, at 6 ("Licensing is particularly critical to independent seed companies ('ISC's'). Indeed, without an aggressive broad-based licensing of patented products, these ISC's would have difficulty competing with GE [genetically engineered] traited varieties. Simply put, licensing gives agbiotechnology companies a mechanism to distribute their traits without the need to own 100 percent of their planned output, which would be excessively costly, risky, unnecessary, and strategically unwise. It is these licensing mechanisms that allow agbiotechnology firms to simultaneously protect their IP, and to pursue strategies of partial vertical integration for seed and trait distribution."). ("One contract gave an independent seed company deep discounts if the company ensured that Monsanto's products would make up 70% of its total corn seed inventory... [T] he discounts were used to entice seed companies to carry Monsanto products when the technology was new and farmers hadn't yet used it.").
distributor who cannot sell Monsanto seed will lose money." The terms of distribution nullify the theoretically numerous soybean varieties.
C. Market Power
Genetically modified, or transgenic, soybean seed dominates the soybean market. The majority of transgenic soybean seed is Roundup Ready soybean seed.8 Roundup Ready soybean seed contains the Roundup Ready gene (or trait) developed by Monsanto after decades of research and development.
In 1976 Monsanto introduced a new herbicide onto the marketglyphosate, branded as Roundup.' This herbicide quickly became Monsanto's leading product, because of its effectiveness at killing numerous plants and its ease of use" That very effectiveness was the downfall of the product. Roundup could be used to clear a field before planting, but once a crop was planted, application of Roundup would kill the crop as well as any weeds;" Agricultural biotechnology helped Monsanto develop crops that would tolerate glyphosate, and in turn, boost sales of Roundup. Twenty years later, soybean farmers saw the first commercial release of a new soybean variety that would change agriculture. Using the science of biotechnology, researchers had isolated a trait in the genetic code of the soybean plant that offered resistance to the chemical herbicide glyphosate. Those first Roundup Ready soybeans ushered in a whole new era in production agriculture. For the first time soybean farmers had in-seed herbicide tolerance to Roundup, which had been used as a pre-plant burndown treatment on soybean acres since the 1970s.
Farmers could now use Roundup to clear fields before planting a new crop, and continue to use Roundup to kill weeds without harming the Roundup Ready soybean seeds. 4 Farmers who planted soybeans traditionally used a variety of herbicides during cultivation of their crop. Roundup Ready soybean seed changed that. When planting Roundup Ready soybean seeds, farmers could now use a broad spectrum herbicide after planting, not just as a pre-plant treatment. Furthermore, the only broad spectrum herbicide they could use on these fields is glyphosate, as Roundup Ready soybeans are only immune to glyphosate, and any other broad-spectrum herbicide will kill the plants as well as the weeds.95 "The ability to spray Roundup over the top of a soybean field is considered the cornerstone of an effective weed management system in soybeans. . .. It's a simple and efficient way to control hundreds of weeds."" Sales of Roundup and Roundup Ready soybean seed increased dramatically.
97
Not all Roundup Ready soybean seed is sold by Monsanto.' The agricultural biotechnology industry relies on cross-licensing allowing for wide-spread distribution of traits, such as resistance to Roundup, through a variety of seeds, not all owned by any one company.
9 Diversification through cross-licensing allows agricultural biotechnology companies to protect their intellectual property, and to "pursue strategies of partial vertical integration for seed and trait distribution. Monsanto. These licenses also require the licensee seed company to either collect a technology fee (set by Monsanto) from the user for each bag of RRSB or pay Monsanto a royalty (again set by Monsanto) for each bag sold."' 0 2 These fees allow Monsanto to set a minimum price for all Roundup Ready soybean seed, and eliminate the ability of competitors to undercut Monsanto's prices.
Since the introduction of Roundup Ready soybean seed, prices have increased dramatically in the soybean market."" This is driven by many factors, including the increased yield of the seed, the ease of farming with Roundup Ready soybean, and the simple fact that a new and better product can carry a new and better price tag."' I-lowever, "[c]onsumers pay more when a single company controls access to innovation, ""' and this is reflected in Monsanto's 42% price increase in soybean seed from 2009-2010.")7 Monsanto's reach is long, and being denied access to Monsanto's technology places great limitations on its competitors."'" This is particularly true given how few competitors there truly are."
" See Leonard, supra note 85. 04 Neuman, supra note 97.
"o Observations on Competition in the U.S. Seed Industry, MONSANTO,
http://www.monsanto.com/newsviews/Pages/nonsanto-suml)ission-(oj.aspx#ic ("On the farm, biotech seeds have been rapidly adopted, especially in the major row crops such as corn, soybeans and cotton, due to the significant benefits they provide to growers. These include improved weed and insect control, greater yield, convenience, environmental sustainability, and increased profits."). ' See, e.g., the 2010 RPM Brand Seed and Technology Agreement, available at http://www.doeblers.com/08/2010%20RPM%20Growers%2OAgreemnet.pdf (The grower agrees: "To use the Seed and Technologies only for planting a commercial crop only in a single season; To not supply any of this Seed to any other person or entity for planting, and not to save any crop produced from this Seed for replanting, or supply saved seed to anyone for replanting; To not use this Seed or its progeny or provide it to anyone for crop breeding, seed production, research (other than to make agronomic comparison and conduct yield testing) or market profiling .... If the Grower intentionally breaches this Agreement, in addition to other penalties, the Grower's rights under this Agreement will terminate immediately and the Grower forfeits any right to obtain a license to the Seed and Technologies in the future. If this Agreement is terminated, you will no longer have a right under this Agreement to purchase Seed containing the subject Technologies.").
"'
There is an argument to be made that this in fact increases the output of seed, since farmers must now acquire new seed every year, so more soybean seed must be on the market. However, the output of commercially available seed for planting, which is the market composition, in fact may stabilize or decrease since the farmerlicensees are no longer producing seed for planting purposes, and Monsanto from "saving and replanting any of the crop grown from the Roundu Ready soybean for planting, or transferring the seed for replanting." Competitor-licensees must agree to Rroduction limits on any seed containing the Roundup Ready trait.
Competitor-licensees are also restricted in what research and development they can do with seed containing the Roundup Ready trait. "" Monsanto thus limits the development of alternatives in the herbicide-resistant soybean seed market.
Monsanto's innovations have changed the soybean market. The terms used in the Roundup Ready licenses grant Monsanto market power. "To date, Monsanto has had virtually no competition to its RoundupReady soybean . . .. "
It is not Monsanto's patent that grants Monsanto market power, but rather Monsanto's licenses that allow it to maintain prices above competitive levels and output of seed below competitive levels for a significant period of time." The licenses allow Monsanto to set a minimum price for Roundup Ready seed, through the technology fees,"' and to restrict output through the production limits found in the agreements, giving Monsanto control of the genetic trait soybean market.1 2 2 Through effective use of private ordering, Monsanto controls the soybean market, setting elevated prices and unlawfully restricting competition.
IV. FARMER-LICENSEES
Innovation and competition in the seed market were revolutionized by the development of the terminator gene. In an effort to protect their investment, agricultural innovators revolutionized the seed industry-not controls, through their licenses, the overall production of Roundup Ready soybean seed by agricultural biotechnology companies. by introducing a better product, but by introducing a new way of doing business. The terminator gene was developed as a way to maximize the reward inherent in the initial sale of a seed. Ultimately, modifying the seed to limit its propagation cycles was not practical-so instead, companies looked for other ways to reap the same reward-the reward of maintaining control over seed. For the first time, agricultural biotechnology companies realized that they did not have to relinquish control over their product.' Taking a cue from the software industry, and looking at the reasons behind the development of the terminator gene, agricultural biotechnology companies understood that they were charting new ground.
2 1 Unlike the software industry, farmers had been buying seed from distributors, who in turn bought it from agricultural biotechnology companies, for generations. Farmers brought with them pre-existing concepts of the sets of rights that came with acquiring seed. Farmers were used to the idea of using seed as they saw fit. Under traditional farming practices, a farmer typically saved seed from the highest yield crop to plant some acreage of that crop the next year, and then purchased new 125 seed to plant the remaining acreage.
Innovation in agriculture is expensive and time-consuming. The terminator gene was one way to increase the reward associated with seed. Standard farming practices imbued farmers with a pre-existing set of rights, including the right to use seed as they saw fit. These rights limited the reward associated with the expensive development of new seedlines. Traditional forms of protection were inadequate to provide sufficient reward for the costs of innovation. The internal machinations of the development of seed lines are often protected as trade secrets through private ordering.
Once a seedline is developed, it must be '2 Monsanto Co. v. Good, No. Civ.A.01-5678 FLW, 2004 This license does not extend to the seed from such crop or the progeny thereof by propagation or seed multiplication. The use of such seed or the progeny thereof for propagation or seed multiplication ... is strictly prohibited.") (alteration in original) (citation omitted)). 12 CHARLES, supra note 41, at 109-10 ("Biotechnology, [the Vice-President of Research for Monsanto's agricultural division] predicted, was destined to transform agricutlture. Monsanto held in its hands the kind of opportunity that came along perhaps once in a generation. It had a chance to dominate an industry in the making, much as Microsoft with a small head start and a few strategic decisions had come to dominate the personal computer business.").
12 Mascarenhas & Busch, supra note 42, at 122. ' Trade secret protection extends to the identification of the seed in the fields themselves. Various forms of trade secret protection include: "the use of bag-licenses, a parent test program, cytoplasmic male sterile lines, visual sorting, isozyme testing and grow outs, and third party inspections." Bruce Vrana, Case Summary of Advanata propagated-which is both the reason for the existence of seed and the Achilles heel of agribusiness. Agricultural biotechnology is difficult to protect, because when many varieties of seed replicate they can create a perfect copy of that which was so expensive to develop in the first place.
Absent an effective means of protection, and given the costs of expensive research and development, companies wanted to ensure a significant return on their investment. The return could be achieved in one of two ways-the price of seed could be increased dramatically at the initial point of sale, or farmers could pay for the research and 128 development over time (i.e., the costs could be capitalized). If the costs of the seed increased dramatically, market demand might drop, and farmers would rely on the seed they had purchased in previous years to replant their fields until the market responded." The terminator gene gave agricultural biotechnology companies the idea of terminating farmers' rights to the seed after one year-not having the seed terminate its propagation cycle, but instead removing the ability of the farmers to take advantage of that cycle." This would also allow for capitalization of the costs of the transgenic trait-farmers could pay an annual fee for new seed (the same price for the soybean seed that they have always paid). In addition, farmers could be charged a "technology fee" for the transgenic 127 See COMMENTS OF DUPONT/PIONEER HI-BRED INT'L, supra note 106, at 9 ("Independents have special, and usually personal, relationships with the farmers they serve. Many farmers consult with Independents in deciding which traited seeds to plant. Because of the many variables involved in attempting to ensure a successful planting and harvest, Independents frequently elect to concentrate on a limited geographical area. They are often the leading seed suppliers in their area of operation. Farmers, therefore, typically rely on their Independents for products with desired traits, rather than buying their seed from the larger, national companies that also develop traits and germplasm. . . . Farmers tend to adopt new seed varieties gradually, and ordinarily they will only switch products after seeing proof that seeds will grow well in local conditions.").
128 CHARLES, supra note 41, at 152 ("'We felt that the sticker shock [of genetically modified seed] would be staggering,' says Delta Pine's Roger Malkin. 'If we simply went from 30 dollars a bag to 120 dollars a bag, the farmers would get mad at us."').
29 See, e.g., Asgrow Seed Co. v. Winterboer, 989 F.2d 478, 480 n.2 (Fed. Cir. 1993) (Newman,J., dissenting from denial of rehearing en banc) ("According to amicus curiae Jacob Hartz Seed Co., a single bushel of soybean seed will produce between 25 and 45 bushels of soybeans. If only half of the crop is sold as seed in successive years, in three years this would allow the farmer to place on the market between 2,037 and 11,655 bushels of seed. The amicus American Seed Trade Association calculated that a single soybean seed, after three crops, would produce 27,000 seeds.").
trait as part of the annual licensing agreement for the soybean seed. Thus was born the idea for a "terminator license," a license that would maximize the reward to the agricultural biotechnology company and wrest seed sovereignty from the farmer.1 Roundup, and the positions of other agricultural biotechnology companies. Through licenses, Monsanto required growers of Roundup Ready seed to use only Roundup branded products.Is At that time the Technology/Stewardship Agreement (the license farmers signed to acquire seed) limited growers to the use of Roundup; generic versions of glyphosate were available-however, the Environmental Protection Agency (EPA) had not certified any generic version for use on crops. Monsanto had no reason to limit farmers' choice of herbicides as Roundup was the only broad spectrum herbicide on the market that would work on Roundup Ready soybean seed.' 3 6 Despite this, Monsanto still chose to link "the purchase of seed to the purchase of Roundup through grower license agreements, grower incentive agreements, and seed partner license agreements" allowing Monsanto to link the profit from the patented article, Roundup Ready seed, to the unpatented article, Roundup. "' Id. ("[E] ven if growers elected to use such herbicides for over-the-top application, they would not be legally free to use competing brands.").
Id. at 1333. Id. at 1341 ("The record shows that Monsanto's competitors sought and obtained regulatory approval and that when they did, Monsanto modified its contracts accordingly.").
" Scruggs 1, 342 F. Supp. 2d at 577-78 ("The Scruggses also find fault with the Roundup Rewards program Monsanto offers to farmers. They assert that this program too constitutes an illegal tying scheme between Roundup Ready seed and Roundup herbicide. This claim is easily disposed of. Defendants cannot demonstrate the coercion necessary to a tie-in. Growers who participate in the incentive program receive additional, voluntary benefits if they elect Roundup agricultural herbicides as the only systemic, non-selective herbicide to be used for burndown or in-crop applications on crops containing Monsanto traits. The program is entirely optional; customers who participate do so because they benefit from the incentives, not because Monsanto compels them to do so. Since the sale of Roundup Ready seed is conditioned the license of the patented Roundup Ready seed on the purchase of the unpatented Roundup, but since there was no glyphosate competition, there was no restraint on trade, and hence no tying violation."" Once competitors entered into the glyphosate market, requiring licensees of patented Roundup Ready seed to purchase unpatented Roundup would be an illegal restraint on trade. Monsanto modified their license agreement to incentivize farmers to use only Roundup on their Roundup Ready crops.1' For example, in one early license agreement, Monsanto offered farmers a "Bottom-Line Booster Guarantee." Under the terms of this guarantee, " [t] he Roundup Ready soybean system has three major components: Replace tillage with a preplant burndown using Roundup Ultra@ or Roundup UltraMAXTM herbicide, Buy Roundup Ready soybean seed from any authorized dealer, and Spray Roundup brand herbicide over the top for proven crop safety." 4 2 If farmers followed this system, purchased the unpatented Roundup and used only the unpatented Roundup on their crops, and the crops failed to "provide equal or better net income than the traditional system . . . Monsanto [would] pay each qualified grower up to $10,000."
Under the Roundup Rewards"' program, only "[1]abeled Roundup brand agricultural herbicides" must be used for all in-crop applications on any Monsanto trait crop on a grower's farm. 4 Monsanto specifically not conditioned upon the purchase of Roundup herbicide, there is no tying arrangement. 'It is only when the buyer's freedom to choose a given product is restricted that the tying doctrine comes into play: so long as the buyer is free to take either product by itself there is no tying problem.'") (quoting Ungar v. Dunkin' Donuts of Am., Inc., 531 F.2d 1211, 1226 (3d Cir. 1976) (internal quotation marks omitted)). "o Scruggs II, 459 F.3d at 1341 ("In this case, Monsanto does not argue that it should escape a finding of patent misuse because its contract provisions protected the public or furthered EPA policy; rather, Monsanto's argument is that its contract provisions lacked any anticompetitive effect because EPA's regulations prohibited growers from using competing glyphosate herbicides for over-the-top application. Therefore, even if growers elected to use such herbicides for over-the-top application, they would not be legally free to use competing brands. As the trial court noted, the record supports Monsanto's argument; Scruggs has not pointed to any evidence to the contrary. The record shows that Monsanto's competitors sought and obtained regulatory approval and that when they did, Monsanto modified its contracts accordingly.").
Scruggs 1, 342 F. Supp. 2d at 577-78. If the farmer does all this and the crop fails, then the farmer may be eligible to receive "the price paid by the grower for the quantity of such product involved, or, at the election of Monsanto or any seller, the replacement of such quantity."'4 In addition, the program offers "risk protection" whereby farmers who participate in the program may be eligible for a reduced price on herbicide if the farmer has to treat the crops more often than promised by Monsanto.
In order to maximize its reward, Monsanto chose not to sell its seed at all. "If the seeds were sold, the patent would be exhausted, and the buyer could then do whatever he/she wanted with the product." so Instead, by using the terminator license model, Monsanto can control the farmer's use of the seed, even after the farmer has acquired the seed, circumventing the restrictions inherent in protection through public ordering. ' If the seeds were sold, the patent would be exhausted, and the buyer could then do whatever he/she wanted with the product. This practice has created policy issues in a number of states where there have been efforts to outlaw such licenses. These prohibitory efforts appear to be based on concerns that the new large life science companies are changing the way business has been done and a fear that the licensing process will affect traditional business dealings." Id. at 21-22.
' See, e.g., Scruggs II, 459 F.3d 1328, at 1336 (Fed. Cir. 2006) ("The doctrine of patent exhaustion is inapplicable in this case. There was no unrestricted sale because the use of the seeds by seed growers was conditioned on obtaining a license from Monsanto. Furthermore, 'the "first sale" doctrine of exhaustion of the patent right is not implicated, as the new seeds grown from the original batch had never been sold.' Without the actual sale of the second generation seed to Scruggs, there can be no patent exhaustion. The fact that a patented technology can replicate itself does not give a purchaser the right to use replicated copies of the technology. Applying the first sale doctrine to subsequent generations of self-replicating technology would eviscerate the rights of the patent holder.") (quoting in part Monsanto Co. v. McFarling, 302 F.3d 1291, 1299 (Fed. Cir. 2002) ).
because the use of the seeds by seed growers was conditioned on obtaining a license from Monsanto."5 Monsanto's practices were quickly copied by other members of the agricultural biotechnology industry, who used private ordering to retain complete control over their seed-including its price and its output, because of the unique nature of agriculture. The terminator license was changing the industry. Methods of implementing this license vary tremendously: the farmer may have to present a card indicating that the farmer is an authorized customer of the seed company,',1 the farmer may be required to sign a Technology Agreement, or other similar document, or the farmer may be subject to the conditions of a "seed wrap""" license, a "Grower Guide"''' or a "bag tag."''" The result is always the same-by licensing seed, the agricultural innovator retains control over the seed's propagation cycle. The farmer licenses higher quality seed than the farmer was able to purchase previously; however, the farmer receives fewer rights to that seed. Seed companies thus have the ability to limit seed's propagation cycle to one growing season-not through the selftermination of the terminator gene, but rather through the external modification of the farmer's rights imposed by seed companies through terminator licenses. "I untied the purple mesh bag of seed potatoes that Monsanto had sent and opened up the Grower Guide tied around its neck.... The guide put me in mind not so much of planting potatoes as booting up a new software release.""" '" The author spoke with salespeople at Jimmy Sanders' Seed Shop in Ecru, Mississippi who informed the author that there was not a single seed sold there that did not come with stich restrictions; see also Hoffman & Sung, supra note 150, at 21 ("Every bag of GM seed is now accompanied by bag-tag and seed wrap licenses.").
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Pollan, supra note 155 ("By 'opening and using this product,' the card stated, I was now 'licensed' to grow these potatoes, but only for a single generation; the crop I would water and tend and harvest was mine, yet also not mine. That is, the potatoes I will harvest come August are mine to eat or sell, but their genes remain the intellectual property of Monsanto, protected tinder utimerous United States patents, incliding Nos. 5,196,525, 5,164,316, 5,322,938 and 5,352,605 . Were I to save even one of them to plant next year-something I've routinely done with potatoes in the past-I would be breaking Federal law. The small print in the Grower Guide also As Michael Pollan states so eloquently, the licenses are complicated, thorough, and used throughout the industry. In order to maintain ownership of agricultural biotechnology, the propagation process is closely monitored through private and public ordering.' 5 Agricultural biotechnology companies enter into agreements with select farms to maintain secrecy surrounding the propagation of the parent seed, and to allow the agricultural biotechnology intellectual property owner access to its fields.'" The seeds are licensed to the farms, ensuring that ownership stays with the agricultural biotechnology companies, and allowing numerous restrictions to be placed on the farmers-including forbidding "the use of signage in fields, and [requiring the use of] coded labels on its seed bags."'6' Farmers never own many of the seeds that they are .162 tending.
After the seed has been developed and propagated, private ordering allows the agricultural biotechnology companies to retain title to the seed, marketing the seed without releasing ownership rights. The farmer does not acquire the seed directly from the developer; instead, the developer uses an intermediary who operates as a distribution channel brought the news that my potato plants were themselves a pesticide, registered with the Environmental Protection Agency."). "' FERNANDEZ-CORNEjO, supra note 38, at 28 ("Breeders provide contract growers the foundation seed (parent seed stock produced from the original seed developed by plant breeders) to produce either more foundation seed for continued R&D purposes, or registered seed for large-scale production purposes. Registered seed is contracted out in a similar manner to produce certified seed, sold to farmers conforming to standards of genetic purity and quality established by State agencies. . . . The production of both registered and certified seed through contract growers is closely managed by seed firms to ensure that the desirable plant characteristics are carried through to subsequent generations, and to prevent open pollination, disease or pest infestation, or other types of problems that could affect product quality. Contract growers are carefully selected by seed firms and are provided with technical assistance or supervision. Seed firms closely control all stages, from seedbed preparation and planting densities to the timing of input application.").
'" Pioneer Hi-Bred Int'l. v. Holden Foundation Seeds, Inc., 35 F.3d 1226, 1236 (8th Cir. 1994) ("Pioneer takes several measures to preserve the secrecy of its inbreds. Growers operate under contracts which prohibit disclosure of the seed. Fields have no labels indicating what seed is being grown, and all seed bags are coded to avoid identification. Pioneer removes male inbred lines and commingles them with other corn, thereby frustrating those seeking to obtain the inbred seed." (footnote omitted)).
... Janis, supra note 37, at 309 (citing Pioneer Hi-Bred Int'l, 35 F.3d at 1236). "' Pioneer Hi-Bred Int'l, Inc. v. Ottawa Plant Food, Inc., 283 F. Stupp. 2d 1018, 1024 (N.D. Iowa 2003) ("Pioneer sells its seed through a 'dual' distribution system, using licensed sales representatives-who never take title to the seed, and are licensed to sell it only to actual end users, i.e., farmers, who plant the seed-and licensed dealers-who do take title to the seed, and are licensed to resell it only to other authorized dealers or end users.").
only, never taking ownership of the seed.'" Regulated by private ordering, the distribution channels require the distributors to agree that they will not license any seed to farmers who do not comply with the developer's demands or even that distributors not distribute competitor's products.'" The farmer may have to present a card indicating that she is an authorized customer of the seed company,'"" the farmer may be required to sign a Technology Agreement, 16 or other similar document,' 7 or the farmer may be subject to the conditions of a "seed "' See COMMENTS OF DUPONT/PIONEER HI-BRED INT'L, supra note 106, at 8 ("Once the finished seed is produced, the product is marketed to growers. In some regions of the country, such as the South, finished seed is generally distributed through retail outlets that also sell agricultural chemicals and a wide variety of other agricultural goods and services. In other regions of the country, small local Independents may sell finished seed directly to farmers, while regional or national seed companies may sell finished seed through independent farmer-dealer networks, as well as through retail outlets.
Other agricultural products and services-including seed 'treatments,' crop advisory services, grain purchasing, and credit-are often provided by many of the same companies involved in the production and distribution of seed."). m CHARLES, supra note 41, at 178 (Distributors agree "to limit ... sales of genetically engineered seed purchased from any other company .... "); id. at 203 ("[I]f a seed company wanted to sell Roundup Ready soybeans, Monsanto required it to renounce any competing products, such as LibertyLink genes furnished by AgrEvo."). ("The terms of commercial transactions in seeds or other plant genetic material can include protection of the inventions embodied in the material by explicit licenses signed by[:] buyers (breeders or farmers) that restrict resale or use of the material in breeding or for production of seed for replanting[;] bag label contracts (like 'shrinkwrap' contracts for software) that restrict the use of the materials by farmers and others[;] Material Transfer Agreements (MTAs), which contractually define the rights and obligations of recipients with respect to these materials[;] 'Technology Use Agreements,' contracts restricting the use of plant genetic material by farmers. For example, such an agreement could restrict sowing of seeds to a specified area of land. It might also allow the provider of the seeds to test the farmer's crops for several years in the future, to check that the farmer does not violate the terms of relevant licenses or other contracts.").
wrap" or "bag tag" license.1" The distributors also agree to not distribute these protected varieties of seed to end users whom the seed firms have blacklisted.'" Bonuses may be offered to a distributor who sells a certain amount of unregulated product manufactured by the same seed firm, or the distributor may be barred from carrying competing brands of seed if it wishes to continue to be licensed to distribute certain agricultural biotechnology company products."o Title to the seed remains with the developer, even after the fanner has possession of this highly protected seed, due to private ordering along every step of the extraordinary chain of distribution. Before the farmer can plant privately protected varieties of seed, he or she must agree to all of the terms of the agricultural biotechnology companies, which includes, first and foremost, that title to the seed will never transfer to the farmer."' Other restrictions may include allowing the seed firm to come onto the farmer's land at any time and test the seed, including years after the seed was first planted, prohibiting the farmer a Salespeople atJimmy Sanders' Seed Shop in Ecru, Mississippi stated that there was not a single seed sold there that did not come with such restrictions; see also Hoffman & Sung, supra note 150, at 21 ("Every bag of GM seed is now accompanied by bag-tag and seed wrap licenses. As a result, the seeds are not sold but licensed. If the seeds were sold, the patent would be exhausted, and the buyer could then do whatever he/she wanted with the product. This practice has created policy issues in a number of states where there have been efforts to outlaw such licenses. These prohibitory efforts appear to be based on concerns that the new large life science companies are changing the way business has been done and a fear that the licensing process will affect traditional business dealings."); Burk, supra note 154, at 354.
16
See, e.g., Mullgardt Letter, supra note 116, ("Please be advised that until this matter is resolved, Monsanto does not authorize you or any other individual or entity by, through, or with whom you farm to use any seed containing Monsanto's patented biotechnology. ("Thompson Coburn, the St. Louis law firm representing the company, sent a letter to at least 23 seed distributors in North Dakota and Minnesota in which it instructs them to avoid selling Monsanto's products to the Nelsons.").
70 CHARLES, supra note 41, at 178 ("Monsanto's 'Value Club' ... is designed to lock seed companies into selling seeds with Monsanto's genes and no one else's.").
1'
CTR. FOR FOOD SAFETY, MONSANTO VS. U.S. FARMERS 10 (2005) ("While statistics on the availability of conventional seed are difficult to find, anecdotal evidence seems to suggest that Monsanto's varieties of genetically engineered seeds have effectively pushed other seed varieties off the market. Indiana soybean farmer Troy Roush says, 'You can't even purchase them in this market. They're not available.' A farmer from Arkansas concurs: 'It's getting harder and harder to find conventional [soybean] seed.' A Texas cotton farmer similarly reports: 'Just about the only cottonseed you can get these days is [genetically engineered]. Same thing with the corn varieties. There's not too many seeds available that are not genetically altered in some way.' (alteration in original) (footnotes omitted)). from saving and replanting any seed grown from the initial seed,'1 2 from transferring any of the acquired seed, or from performing research on any of the seed.'
The farmer has acquired the seed, and can use it only to grow one crop, one time, under the terminator license. The seed may not self-sterilize after one propagation, but the end user's rights dissolve 174 at the end of that same single propagation season.
The consequences of enforcing the terminator license are drastic, opening the door for further exploitation by patent owners of consumers through overly restrictive licenses.1 7 5 These licenses extend control of licensed seed beyond the bargain entered into with the farmer and beyond any restrictions imposable on the purchasers of a patented product. The Federal Circuit has stated that finding "the viability of a restriction ... depend[s] on how the transaction is structured [and should be] denigrated as 'formalistic line drawing.' 7 " Before the terminator license is enforced, an analysis must be done of the policy behind the patent exhaustion doctrine and whether it would encourage enforcement of this license. The Federal Circuit has never attempted an analysis of whether the terminator license falls within the field of use of the patent or not. By stating that the doctrine of patent exhaustion does ', Mullgardt Letter, supra note 116 ("All brands of Roundup Ready soybean seed are sold subject to limitations on use, including the limitation to only use the seed for a single growing season. The limited license expressly prohibits growers from saving and replanting any of the crop grown from the Roundup Ready soybean for planting, or transferring the seed for replanting.").
'7 Monsanto Co. v. Ralph, 382 F.3d 1374, 1377 (Fed. Cir. 2004) (A farmer signed a contract with Monsanto agreeing to the following clauses: "To use the seed containing Monsanto gene technologies for planting a commercial crop only in a single season. To not supply any of this seed to any other person or entity for planting, and to not save any crop produced from this seed for replanting, or supply saved seed to anyone for replanting. To not use this seed or provide it to anyone for crop breeding, research, generation of herbicide registration data or seed production.").
"4 See 2003 Monsanto Technology/Stewardship Agreement (Limited Use License), available at http://www.cropchoice.com/Mon2003contractofadhesion.pdf ("If Grower violates the terms of this Agreement, in addition to other remedies, Grower's rights pursuant to this Agreement will terminate immediately, and Grower and any entity owned or controlled by Grower forfeits any right to obtain an Agreement in the future."). (1967) , that the legality of attempts by a manufacturer to regulate resale does not turn on whether the reseller had purchased the merchandise or was merely acting as an agent of the manufacturer. The Court having disapproved reliance on formalistic distinctions of no economic consequence in antitrust analysis, we discern no reason to preserve formalistic distinctions of no economic consequence, simply becatse the goods are patented." (footnotes omitted) (citations omitted)). not apply to licenses, the Federal Circuit is relying on a formalistic distinction of no economic consequence, and harming the grower in the process.
If a farmer wishes to plant a non-genetically modified seed, or even worse, was banned from planting any genetically modified seed, that farmer cannot simply go to their local seed store and purchase a different seed-no matter how many varieties are theoretically available.
1 7 7 A farmer who has planted genetically modified seed, even once, finds his options limited for future plantings of seeds. If the next year's nongenetically modified crop contains any of the genes licensed under the previous year's technology agreement, the farmer may be in violation of the license. Some licenses require the farmer to allow the land to lie fallow for at least one season after planting a genetically modified seed, while others restrict farmers' rights in various ways, including giving the agricultural biotechnology companies the ability to test a farmer's crop for several years after the initial planting of the genetically modified seed.""
V. COMPETITOR-LICENSEES
Terminator licenses have changed the agricultural biotechnology industry in ways as of yet not fully recognized. Agricultural biotechnology companies redefined the market and removed the family farm from the bargaining table in an astonishingly short time, creating a market broad in penetration and narrow in competition. The business practices of a few companies co-exist to raise the barriers to entry in the highly concentrated, high-intellectual-property agricultural biotechnology industry.
The concentration of the agricultural biotechnology industry has led to parallel business methods being adopted by each of the major agricultural biotechnology firms. One example of such parallel constructivism is the dominant practice of cross-licensing technology between the members of the agricultural biotechnology oligarchy.
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These licenses raise entry barriers and impose numerous restrictions on the competitor licensees. In an industry dominated by consumer preference, competitor licensees may be inclined to agree to less than favorable terms in order to access in-demand traits.
The terminator license impacts the farnimer, prevents saved seed, and limits research into new varieties of seed and alternative forms of weed control.11 Private ordering allows companies to prevent competitors from saving seed and from researching alternatives to transgenic seed.'1' For instance, Monsanto sued DuPont after it bred soybean seed containing both Roundup Ready traits, licensed from Monsanto, and Optimum GAT traits, DuPont's glyphosate-resistant trait. "'2 According to the license that DuPont entered into with Monsanto, DuPont did not have the right to combine or "stack" traits, and could use its glyphosate-resistant "traits only in seed products containing no other glyphosate-tolerant traits."
It is clear that private ordering has elevated barriers to entry in the highly concentrated field of agricultural biotechnology through many different tactics, including 'joint venture agreements that restrict the licensing of one partner's technology outside the agreement, thus impeding rivals' access to that technology for the purposes of developing competing products."" Competitors accept this language because, again, the nature of the industry requires competitors to cross-license in order to access prime seed lines and distribution relationships. This level of concentration heightens the risk of anticompetitive coordinationparticularly when the barriers to entry are so high.
Further elevating the entry barriers, built into licensing arrangements with distributors are significant and limiting financial incentives.'" As discussed above, seed, once produced, must make its way to the farmer from the agricultural biotechnology company. Distribution networks find that if they wish to sell licensed soybean seed, they must agree to "bundling agreements that financially penalize seed companies for selling less than a minimum percentage of seed containing Monsanto traits.""' Distribution contracts reward the local seed distributor for "selling more genetically engineered seed [and place limits on the distributor's] sales of genetically engineered seed purchased from any other company.""s In addition, one such license "stipulated that dealers could only receive rebates-which often constitute a substantial portion of a dealer's profits-if their sales of Roundup were at least 80 percent of their total sales of all brands of glyphosate."' 9 Each of these agreements allows the agricultural biotechnology industry to strengthen its vertical control on the market and elevate barriers to entry.
Evidence of the high barriers to entry can be found in every stage of agribusiness. To license seed, innovators must maintain relations with seed distributors.'" Goods "not sold in anonymous open markets, but rather involv[ing] direct transactions" allow "those firms wishing to enforce a tacit understanding [to] target ... specific suppliers" and to maintain their prices and business models that way.' Seed is such a good. The concentration in the seed industry has allowed agricultural biotechnology companies to standardize their relationships with distributors, resulting in constraining terms being adopted by distributors 86 CHARLES, supra note 41, at 177 ("Seed companies rushed Roundup Ready seed onto the market, in some cases before they had bred the Roundup resistance gene into varieties that suited their particular weather conditions or that resisted common diseases. 'There were some real dogs released during those first years,' says Walter Fehr, a soybean breeder at Iowa State University. 'Even calling them dogs is a compliment.' And still farmers bought them."). rate of adoption of new traits and seeds can occur slowly. Farmers tend to adopt new seed varieties gradually, and ordinarily they will only switch products after seeing proof that seeds will grow well in local conditions. Even if a trait developer could replicate the [independent seed company's] customer relationships, it faces the difficult prospect of convincing customers to quickly change to new traits and seed varieties based on different germplasm.... [M] any farmers perceive that they will receive the most benefit by remaining with the same seed supplier and brand from year to year."). across corporate lines. 19 Distributors who deviate from the norms set by agricultural biotechnology innovators find they deviate from the collective conduct, and may find themselves out of business. The impact of the terminator license has been far-reaching in its restriction of trade. The business model operating in the highintellectual-property and high-concentration field of agricultural biotechnology is anticompetitive. The business model has increased the prices of the seed,'" reduced competition in the relevant market for other technology, and raised barriers to entry resulting in a thin market.9 The use of the terminator license ultimately restricts the downstream market, limiting both overall output of soybean seed, and the development of new or improved soybean seed.
The agricultural biotechnology industry uses license agreements that "prevent seed companies from combining different characteristics in a single seed (often referred to as 'stacking') .... These restrictions deny farmers the choice of the best seeds to suit their needs.""" Seeking to keep the entry barriers high, the agricultural biotechnology industry uses these restrictions to expand its control over the competition, and to impact products that are still in the development stage. wishes to develop a trait that an agricultural biotechnology innovator believes would benefit its sales and bottom-line, then the competitor is licensed to do so, but if the competitor wishes to compete, then the licensor denies access to licensed seed even for research purposes.
The market is highly concentrated, and competition is thin. Private ordering allows the industry to maintain its strength while diminishing incentives for innovation and limiting alternatives for consumers. Beginning with the concept of the terminator license, restriction of rights associated with seed has continued. Independent seed companies struggle to enter the market."" If an independent seed company does obtain a license to valuable intellectual property, they may find themselves subject to contractual obligations allowing the licensor to terminate an ISC's [Independent Seed Company's] trait license, thereby requiring the ISC to destroy its inventory of seeds containing [licensed] traits upon a change in ownership. Because the ISC's lack of inventory would render the company worthless to a competitor ... such provisions make it difficult for rivals to acquire ISCs and obtain economically valuable gernmplasm for introgressing traits to breed out new competing varieties.
Each of these practices may be pro-competitive in its own right, but the combination and enforcement is the result of anti-competitive intent. The agricultural biotechnology industry has created its own legal system through the use of contracts to expand its intellectual property rights. Farmers' abilities to grow non-licensed seed, competitors' abilities to research and develop alternatives to licensed seed, and even distributors' rights to carry non-licensed seed are controlled by the industry, and not through public ordering. Private law is not a right given to patentees. The agricultural biotechnology industry's agreements increase the royalties charged and the manufacturing costs of the soybean seed, restrict competition, and impose restraints above those necessarily arising 200 out of a cross-licensing agreement.
VI. BETRAYING THE PATENT BARGAIN
A patent is a bargain whereby the government gives a limited right to restrain trade and society benefits from increased innovation. The costs addressed through the analysis of goods or technology markets. For example, the arrangement may affect the development of goods that do not yet exist.").
"8 Leonard, supra note 85 ("One contract gave an independent seed company deep discounts if the company ensured that Monsanto's products would make up 70% of its total corn seed inventory.... [T] he discounts were used to entice seed companies to carry Monsanto products when the technology was new and farmers hadn't yet used it.").
'" Moss, supra note 76, at 24.
See, e.g., COMMENTS OF DUPoNT/PIONEER HI-BRED INT'L, supra note 106, at 7, 14, 17, 20. of the protection are outweighed by the benefit to society. Extending the patent system to create a separate set of rights, and a set of rules applicable only because a patent is part of the set of rights, abuses the system. The Sherman Antitrust Act 2 " renders illegal any restraint on trade that "may suppress or even destroy competition."" Such restraints require: "(1) An agreement among two or more persons or distinct business entities; (2) which is intended to harm or unreasonably restrain competition; and (3) which actually causes injury to competition."21
A. Agreement
The first element, the presence of an agreement, is "different from and antecedent to the question whether it unreasonably restrains trade."" A tacit agreement, resulting in the elevation of an already high barrier in a highly concentrated, high-intellectual-property field should be enough to allow us to ask whether this behavior injures the competition through restraint of trade. It can be difficult, however, in a highly concentrated industry to distinguish between tacit agreements and oligopolistic interdependence. Any "extra ingredient of centralized orchestration of policy ... [can] carry parallel action over the line into the forbidden zone of implied contract and combination."m These "extra ingredients" or "plus factors" include:
* The existence of a rational motive for defendants to act in concert.
* Actions contrary to each defendant's self-interest unless pursued as part of a collective plan.
* Evidence that the defendants had the opportunity to communicate or actually did so.
* Industry characteristics (product homogeneity, frequent transactions, readily observed price adjustments, high entry barriers, and high concentration) that are conducive to successful coordination.
* Industry performance data, such as extraordinary profits, that suggest successful coordination. . 1983) ). rivals), or the presentation of contrived rationales for certain 206, conduct.
Each of these factors is present in the private ordering scenario orchestrated by the agricultural biotechnology industry. In a highly concentrated field with high barriers to entry, failure to act in concert raises those barriers even further and can prevent participation, let alone competition. If only one company were to protect its intellectual property this way, other companies would refuse to cross-license the necessary intellectual property, and the costs of marketing, selling, and producing seed would become prohibitive for the non-cooperative player. Given the high concentration in the market and the number of transactions between the six main players, this further promotes the idea that what is good for one company is good for all, regardless of the harm to the consumer. Profits have outstripped production costs in recent years, and yet there has been presented no legitimate business rationale for the fundamental shift in the model from a publicly ordered one in the 90s to an almost exclusively privately legislated business model a decade later.
Evidence of those tacit agreements can be found in a thorough look at one example. Monsanto touts its eagerness to cross-license its traits in the first place. If it was "not for the early decision to broadly license its patented genetic traits technologies, Monsanto would control large, totally closed platforms in transgenic seed that could be challenged only by the unlikely emergence of rival platforms." 0 Monsanto's decision to license its traits early on, however, was driven by the recognition that "no single agricultural biotechnology firm ... produce [d] a full suite of their own traits suitable for stacking" and that in order to access the traits of the market leaders in the cotton and corn industries, Monsanto had to license its soybean traits.
20 8 Through such licensing, Monsanto has positioned itself as the gatekeeper for genetically modified soybean seed, allowing the anticompetitive impact of these agreements to outweigh any benefits the consumer might expect to see from such a broad licensing 209 scheme .
The terminator gene resulted in innovation in business methods in the agricultural biotechnology industry. The extensive cross-licensing structure of the system and the vertical integration elevated entry barriers. The combination is the result of cooperation between the industry leaders and has caused the costs of protection to exceed the benefits to society. The patent system has been abused, and the agricultural biotechnology industry has relied on the misperception of antitrust immunity to wrest seed sovereignty from the farmer.
21o Id. at 102-03. 207 Moss, supra note 76, at 13.
200 Id. at 12.
200 Id. at 20.
B. Trade Restraints

Output Restrictions
Output restrictions are an area of tension between the Patent Act and the Sherman Act. Use of contracts to limit competitors' production through "output restrictions" is a per se violation of the Sherman Act. Patent holders have the right to refuse to license their innovation to anyone at all, to grant exclusive licenses, to grant non-exclusive licenses, or to dedicate their patent to the public. The Patent Act and the Sherman Act collide when a patent holder licenses to a competitor subject to restrictions, including a limitation on production of technology containing the patented innovation.
Using private ordering, the agricultural biotechnology industry has relied on restrictions of this nature to limit competition. Again, using Monsanto as an example, Monsanto licensed to a competitor, Aventis, the "right to use the gene . . . subject to certain restrictions-including a limitation on production-on the use of its patent.", 5,728,924; and 5,804,425 to produce a single commercial crop. This license toes not extend to the seed from such a crop or the progeny thereof for propagation or seed multiplication. The use of such seed or the progeny thereof for propagation or seed multiplication or for the production or development of a different variety of seed which would be covered by the above listed patents is strictly prohibited.
Each of these restrictions seeks to increase the costs to society of protecting the innovation while decreasing the benefit. Determining whether the numerous restrictions contained within the terminator license violate the antitrust laws requires answering whether such restrictions are, "reasonably within the patent grant, or whether the patentee has ventured beyond the patent grant and into behavior having an anticompetitive effect not justifiable under the rule of reason."
2 " The anticompetitive effect of these licenses grants innovators a reward greater than the benefit to society of the innovation.
Output restrictions can be found in arrangements with competitors and farmers. As private ordering is used by the agricultural biotechnology industry, restrictions have been implemented containing exclusivity provisions, no replant provisions, and no research provisions. Requiring farmers to "use only seed containing ... biotechnology for planting a single crop"; preventing farmers from transferring seed that they have not used and will not use; and other restrictions within the terminator license are not within the patent grant. A restriction on postsale use must be justifiable under the rule of reason. It is formulaic to not place the same limitations on a post-license use.
Patent rights give patent holders the right to exclude others from making or using the invention, but "[i]f a licensing arrangement may adversely affect competition to develop new or improved goods or processes, the Agencies will analyze such an impact either as a separate competitive effect in relevant goods or technology markets, or as a competitive effect in a separate innovation market." " To examine the anticompetitive effects of the terminator license ' we must ask whether it gives the patent holder "an incentive and ability collectively to reduce investment in, or otherwise to retard the pace or scope of, research and development efforts., 2 1 , When the costs of protection exceed the benefit to society, then the protection is being used in an anticompetitive fashion "to control or block access . .. to other technologies and markets.72
Price Elevation
The patent bargain is broken in the agricultural biotechnology industry. Industry members are using the patent system to shield private ordering from charges of antitrust violation. Using the patent system to elevate price is an abuse of the system, and should be regulated as an unlawful extension of the patent system. In developing the terminator gene, the agricultural biotechnology industry realized that reward was not yet being maximized for innovation. That thought led to the realization that:
[p]erhaps farmers could pay a separate 'technology fee' to Monsanto, in effect buying the new genes in a separate transaction from the seed purchase. Indeed, perhaps Monsanto could license its patented genes directly to each farmer! The arrangement would make Monsanto the sole supplier of these genes to every farmer, allowing Monsanto to set and maintain a standard price for its genes. Even more important, Monsanto could use that license to enforce a ban on farmers using part of their Roundup Ready harvest as seed for the following year.
If the word gene was replaced above with the word "railroad"-a scheme would be described whereby the Short Line (from the hypothetical in the introduction) would use contracts to make the Short Line the sole supplier of railroads to every customer, allowing the Short Line to set and maintain a standard price for its railroads. Why should there be a difference tinder the antitrust laws if the product is patented?
The patent laws do grant patent holders a limited right to restrain trade. Patent holders may refuse to license their technology to any party they choose. When patent holders use private ordering to replace patent rights and seek to reap rewards far in excess of the benefit to society, they are abusing the system. The terminator license is anticompetitive; it ensures that the agricultural biotechnology innovators control every licensed seed, regardless of the brand of the seed. '" By controlling the seed, the agricultural biotechnology innovators control the technology fee for each and every licensed seed, and can set the minimum price for all such seed. Private ordering prevents the saving of the progeny of the licensed seed for future planting, and places strict limitations on the use of the seed for research and development. Technology fees on licensed seed can be raised without significant impact on market share-since by raising the royalty rates, the agricultural biotechnolo innovators control the price of licensed seed, regardless of the brand. Agricultural biotechnology innovators can further limit the development of competing seed lines through these licensing terms.
The very lack of competition in the market can be shown by one example, whereby one innovator, Monsanto, brags that DuPont, a competitor in the soybean market, built its soybean business "on a license provided by 21 greater reward than necessary to incentivize further research and development, then the patent system is being exploited and injury is incurred.
The patent bargain weighs the costs of protection against the benefit to society, and when the system works-if the benefits exceed the coststhen a patent holder receives a limited right to restrain trade. The agricultural biotechnology industry is betraying this bargain through use of licenses to increase the costs of protection to society, while decreasing the benefit. A patent is worth no more than the award given for violation of the patent rights-a reasonable royalty.
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6 When licenses are used to manipulate the market to grant a patent holder a greater reward, then the licenses abuse the patent system, and they should be examined from an anticompetitive perspective.
The patent bargain promotes innovation by incentivizing research and development. 2 Agricultural biotechnology companies have long argued that intellectual property does not provide sufficient reward for a self-replicating product and that only through controlling the output of the patented roduct through licenses can they justify the costs of development. Saved seed, however, does not reduce the reward; the cost to agricultural biotechnology companies of farmers saving seed is "significant only for soybeans, wheat and cotton; production and handling characteristics of other plant species means seeds are generally purchased annually." , Using private ordering to require farmers to license new seed every year is doubling the reasonable royalty on the seed. On average, before the introduction of the terminator license, upon looking at the "annual planting[ ] of soybean, wheat and cotton seed, and the annual quantities purchased for replacements" a "simple calculation leads to the conclusion that producers of these crops purchase new seed, on average, 2' There are numerous factors used by courts to determine a reasonable royalty. See, e.g., Murphy, supra note 61, at 61 (" [I] ntellectual property in genetically modified products must be protected in order to promote the costly research and development of such products."). 2 See id. at 66 ("Although biotechnology applications ideally would be developed in a manner that would allow returns on investment across the globe, various factors instead presage a widening biotechnology gap between developed and developing states: the narrow genetic base of biotechnology innovations, the increasing privatization of biotechnology research and development (and concomitant decline in public sector support for agricultural research), the extensive capital requirements of biotechnology research and development, and the need to recoup those costs through pricing strategies built on intellectual property protections."). every second year." 23 0 A reasonable royalty for innovation in seed, therefore, should be calculated at the rate of 50% of the market. Using contracts to manipulate this market, and to require farmers to license seed every year instead of every two years, doubles the reward granted the patent holder, increases the costs of protection, and decreases the benefit to society of the innovation."
The private ordering system relied on by the agricultural biotechnology industry restricts competitors from sharing germplasm, limits seed production, eliminates development of competing products, and manipulates the market in ways not foreseen by either the Sherman Act or the Patent Act. The increased concentration in the agricultural biotechnology field and the dominance of the terminator license can be "correlated with a fall in private research intensity, as measured by numbers of field [trials] or by lower sponsorship of R&D." 23 2 Illegal restraint of trade is a clear result of the impact of the private ordering system and the quest to seek greater reward for innovation than the patent bargain grants.
VII. CONCLUSION
Private ordering is here to stay in the agricultural community. The ramifications of such a system are still playing out, but extend far beyond the reach of any system contemplated under the public laws. Terminator licenses are impacting the farming community, as well as corporate agriculture, in a fashion not yet understood by the public. The combination of private and public ordering gives the agricultural biotechnology industry the power to fix prices and unlawfully restrain trade.
Development of the terminator gene revolutionized the agricultural biotechnology industry. Even as corporations realized that the terminator gene could not be successfully introduced, they turned elsewhere to obtain stronger protection than that granted through public ordering. The terminator license has caused more harm than the terminator gene controversy anticipated. In creating an imperfect marketplace, the industry has harmed farmers, distributors, consumers, and itself. The ramifications of this fundamental change in agricultural biotechnology are only beginning to be understood. Imperfect competition as a result of the terminator license has directly and proximately resulted in the restraint of trade, a decrease in the availability of non-genetically modified seed, an increase in the price of seed, and a decrease in the downstream development of competing products.
Seed is not software and the fanner is not the end user. Tenninator licenses have ramifications far more significant than those associated with the terminator gene. When contracts are used to alter something so fundamental as the choice of what seed to plant, which harvest to reap, and which food to grow, closer public scrutiny is needed in determining the enforceability of these terminator licenses. The economic consequence of allowing the enforcement of seed licenses far outweighs the economic benefit of the patent bargain and the private bargain between the farmer and the agricultural biotechnology innovator. The concentration of the agricultural biotechnology industry has led to the exchange of licenses curtailing the manufacture and supply of seed and restraining trade, which belies the privileges conferred by the Patent Act and violates the Sherman Act.
The agricultural biotechnology industry is hardly the first economy to seek to expand the scope of its patent rights. What is unique is the power that the antitrust immunity misperception has given the agricultural biotechnology industry to leverage its patent rights to impose overbroad conditions on its licensees, conditions far beyond the legal scope of the patent right itself. In 2007, the Department of Justice and the Federal Trade Commission held a set of hearings to determine how licenses could violate the antitrust laws. The hearings reached the correct conclusion that "there are circumstances in which imposing conditions for a license may be anticompetitive, and that view is consistent with a long line of antitrust cases."
Private ordering to incentivize research and development has had limited success through monetary rewards for specific advances. Unlike the system described herein, these rewards are greatly limited in their scope and application, and successfully balance the costs of the reward with the costs of the innovation and provide an example of how the patent and antitrust laws should work together to provide that same balance through public ordering. Use of private ordering to replace public ordering increases the costs of protection, while decreasing the 234 See, e.g ., NETFLIx PRIZE, http://www.netflixprize.com/ ("The Netflix Prize sought to substantially improve the accuracy of predictions about how much someone is going to enjoy a movie based on their movie preferences"); Who We Are, XPRIZE FOUNDATION, http://www.xprize.org/about/who-we-are. (The X Prize Foundation's "mission is to bring about radical breakthroughs for the benefit of hiimanity" through "large-scale, high-profile, incentivized prize competitions that stimulate investment in research and development worth far more than the prize itself.").
benefit to society. The patent laws provide no shield for anticompetitive behavior of this nature.
To be pro-patent is to be pro-antitrust. The private ordering system described herein is anti-antitrust. In 1945, the Supreme Court said, "The far-reaching social and economic consequences of a patent, therefore, give the public a paramount interest in seeing that patent monopolies. . . are kept within their legitimate scope . . . [as] measured by both public and private standards of equity."
5 As private ordering replaces public ordering, patentees are not being held to public standards of equity. The time for recognition of the harms of the misperception, and the time for an understanding of the applicability of antitrust norms to disputes arising under the Patent Act, have come. The anti-antitrust environment would be one in which the government sanctions monopolies, and grants rewards to patent holders far in excess of the reasonable-royalty transgressors of patent rights must normally pay. Such an environment does not promote consumer welfare, and will lead to a depletion of resources-a tragedy of the commons-as the consumer has no choice in planting fields, or buying food. The limited rights of the Patent Act do not provide a shield from antitrust law, and any such misperception is an abuse of the legal system. The Patent Act gives patentees the right to exclude others and with that right comes the ability to restrain trade so long as such restraint is not unlawful. Using the right to exclude others to restrain trade, elevate barriers to entry, restrict output, and limit competitors' research and development does not promote consumer welfare. It is true that patentees have a negative right to exclude others from making, using, selling, or offering to sell the patented article, but that negative right is a reward that they receive for promotion of the science and useful arts. Allowing the negative right to become a positive right through the creation of a monopoly based on private ordering weakens the foundations of both the patent system and the antitrust system. 2m-Precision Instrument Mfg. Co. v. Auto. Maint. Mach. Co., 324 U.S. 806, 816 (1945) .
